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ABSTRACT

Previous measurements of hydrogen permeation of metals
have been limited to high temperatures where permeation
rates are relatively high and pressure-sensing devices can
be employed to measure the permeating gas. Permeation
rates at room temperature can be measured by the use of
tritium (the radiocactive isotope of hydrogen) and conven-
tional counting equipment. With the equipment and
techniques described in this report, it is possible to
measure hydrogen permeation rates on the order of
10-*7 cm® (STP)/(sec)(ecm®) per mm thickness of metal.
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INTRODUCTION

Certain metals are adversely affected by exposure to hydrogen.
The migration of hydrogen into the metal i1s referred to as permea-
tion, a term which includes sorption of hydrogen molecules at the
gas-metal interface, dissociation of the molecules into atoms, and
the subsequent diffusion of the atoms through the bulk of the
metal., At another interface, recombination and desorption may also
occur as part of the total process of permeation, Knowledge of the
rate of hydrogen permeation in metals is important to the prediction
of both hydrogen content ‘and the effect of the contained hydrogen
on the mechanical properties of the metal. The degree of deleterious
effects, such as losses in ductility or static load-bearing ability,
usually depends on the amount of hydrogen that enters the metal.

Almost all permeation data reported in the literature have
been obtained at temperatures in excess of 250°C. At these temper-
atures, the permeation rates are relatively high, and as a
consequence the rate of permeation can be conveniently measured
by exposing one face of a metallic membrane to hydrogen and
measuring the increase 1n gas pressure at the opposite face as a
function of time. Conventional laboratory equipment is readily
applicable to such measurements,

Because the rate of permeation is an exponential function of
temperature, a considerable extrapolation of existing data is
required to obtain rates at room temperature. Moreover, limited
data at room temperature indicate that extrapolated rates may be
in error by factors on the order of 100 to 1o,ooo,‘l’ perhaps
because surface effects would be expected to have greater influence
on permeation rates at room temperature than at higher temperature.

At room temperatures, permeation rates on the order of 10718
to 1072° cm®/sec of hydrogen per cm® of metallic surface and mm
thickness are expected., Mass spectrometers and conventional PVT
measurements are no longer applicable. Other measurement tech-
niques that will provide the requisite sensitivity are described
in this report.




SUMMARY

L
T Radlotragﬂr technlques were successfully applied to measure

the hydrogen® permeation“of metals. By incorpcrating tritium (H®)

in the hydrogen to which the metal spec1men is exposed, permeaticn

rates on the order of 10-'7 cm®/sec per cm?® can be measured.

The quantity of tritium permeating a metallic specimen in a
given time is determined by means of proportional ccunters.
Because of the low penetraticn power of the beta particles emitted
by tritium, it is necessary tc introduce the tritium directly intc
a counter. This 1s readily accomplished by enclecsing the permea-
tion specimen in a seccndary container which in turn is directly
connected to a proportional counter.

This report describes both the equipment and techniques for

the determination of very low permeaticn rates at rccm temperatures.

The method provides an opportunity to study permeaticn at rcom
temperatures as well as tc study the surface phencmena that may bte
limiting at these temperaturei;j
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DISCUSSION

Tritium is an ideal tracer fcr studies cf the hydrcgen permea-

tion of metals at rocm temperature, Tritium is readily availatle
frem the OGak Ridge Naticnal Laborateory at a price of $#2 per curie.
The amount required will te a functicn c¢f toth the gecmetry cf the
permeation specimen and the efficiency cf the tritium-counting
system. With judicious design, essentially pure tritium can te
used at a reasonable cost. As an example, permeaticn specimens
consisting of metallic membranes with an area of 100 cm® and a
nominal thickness of 0.7 wmm were tacked by 14 cm® of essentially
pure tritium. The counting efficiency of the system employed was
nominally 4%1%. Since tritium at STP has a ccncentraticn cf

2.5 curies/cm®, the ccst of the tritium emplcyed was abocut $73
per specimen., Permeation rates as measured with these specimens
were on the order of 10-'% cm®/sec per cm? of area,

Tritium permeates metals at essentially the same rate as
hydrcgen., Only one investigation(a) has bteen made cf an isotcpic
effect on permeation rate and this invclved the permeability of
347 stainless steel at high temperatures with rates measured by
PVT methods. The results indicate that the ratic cf hydrogen tc
tritium permeation is = 2 and nct greatly different from the
inverse ratio of the square rcct cf their masses, i.e. V3 = 1.732.
With this correction, reascnakle accuracy can te assumed,

(2)




The permeation measurement system, as shown schematically in
Figure 1, 1s basically a closed loop consisting of three
interconnected units: a flow-through proportional counter, a
recirculating pump, and a permeation specimen that is enclosed in
a secondary contalner, This system 1s filled with a nuclear
counting gas* consisting of 90% argon and 10% methane, which the
proportional counter requires. The permeating gas and the P-10
are mixed with a small recirculating pump. The system can be
evacuated with the vacuum pump prior to a permeation-rate measure-
ment and refilled with fresh P-10 from a tank or other source of

supply.

The beta particles resulting from the radioactive decay of
tritium in the proportional counter produce small voltage pulses
at the output of the proportional counter, which are subsequently
amplified and counted with a scaler.

A more detailed description of pertinent equipment follows.
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FIG. 1 SCHEMATIC DIAGRAM OF PERMEATION-RATE MEASUREMENT SYSTEM

* Referred to as P-10 counting gas and available from the Matheson
Company, Inc,




PERMEATION-RATE MEASURING EQUIPMENT

The flow-through proportional counter constructed at the
Savannah River Laboratory (SRL) is similar in design to one(4)
employed by Hanna and Pontecorvo!S) for tritium studies.
Basically the counter 1is a pilpe with an ID of one inch and a
length of 12 inches. Glass-to-metal seals (Figure 2) are brazed
into each end of the pipe. These seals support a .003-inch axial
wire of tungsten that is held taut by a small phosphor bronze
spring at one end (Figure 3). Welded inlet and outlet pipes are
positioned so that the flow does not impinge directly on the
axial wire; thils avoids undesirable vibrations of the wire.
Information on both design and construction techniques can be
found in standard references.(5,6!
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1/4"00"
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*Trademark of Westinghouse Electric Corporation

FIG. 2 GLASS-TO-METAL SEAL USED IN PROPORTIONAL COUNTER
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FIG. 3 FLOW-THROUGH PROPORTIONAL COUNTER



P-10 counting gas is used because it 1s the only proportional
gas filling that provides output pulses, which are proportional
in amplitude to the energy of the betas producing the pulses.
An operating pressure of 540 mm of Hg is employed. The recircu-
lating pump is a Neptune Dyna-Pump (Model 2), with a "Viton"*
diaphragm.

The preamplifier is a solid-state device fabricated at SRL
(Figure 4). Nuclear-Chicago Corp. (RIDL) counting equipment is
used, but other manufacturers provide comparable equipment. The
amplifier/analyzer is a Model 33-13A, the scaler is a Model 49-28,
and the timer is a Model 54%-7. In recent times automatic readout
has been added by the substitution of a Model 49-44 printing
scaler and a Model 54-8 timer, and by a Hewlett Packard, Model
44 -21 printer. The high voltage for the proportional counter is
provided by a Model 412B High Voltage Supply, John Fluke Mfg. Co.
An operating voltage of 1750 volts is used for the proportional
counter employed.

Short switch before
making any Hv changes

~=-open fo count All Transistors 2N393
Sclect for B >200 at
CRL I, = 10pA (2N990 Sub)
8585 ,00I 2 meg
To UG-931/U 51&.\/L (Adjs) r/ 820
Counmrjf ) YA N
: | meg 1 Output to RIOL
Tiw 50of N T —I \ Ampilifier /Analyzer
25 i Model 33-13A
o CRL
5 ky 855- A
(Mica) ¥ £10 meg \57 [*.005
Tiw N
/ +
+ Hv In ‘ —— | 10
John Fluke | UG-931/U | L8KS 725
Model 4128 20K | ’
. $ ~75K
100K " o T(Adjust)
12K 12K

All Resistors § w except as noted

ii:IO/ZS

Adjust 2 meg to give -1.05v between @ and ground} These adjustments interact — Voltages
Adjust 7.5 K to give -6.5v between ® and ground @ and ® should be final values

F

FIG. 4 CHARGE SENSITIVE PREAMPLIFIER FOR PROPORTIONAL COUNTER

* Du Pont's trademark for fluorcelastomer,



MEASUREMENT PROCEDURE
Determination of Discriminator Setting for Operation

Prior to the use of the equipment for a permeation measure-
ment, a loop of tubing (i.e., a bypass line) is employed in place
of a permeation specimen and the count rate of the "clean" system
is determined as a function of the dial setting of the integral
discriminator on the amplifier/analyzer. The results (Figure 5)
show that for a discriminator setting of 60 divisions the pulses
due to electronic "noise" from the preamp will be eliminated.
This discriminator setting is used then for all permeation
measurements.
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FIG. 5 COUNT RATE vs DISCRIMINATOR SETTING FOR ‘‘CLEAN" SYSTEM
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Permeation Measurement

With the permeatlion specimen connected to the system, the
system 1s alternately evacuated and flushed to remove as much
residual tritium as possible, Finally P-10 1s admitted to a
pressure of approximately 540 mm of Hg, and the secondary con-
tainer that houses the permeation specimen is valved off and
allowed to collect the permeating gas for some period of time (t').
During this collection period, the background count rate (B) of
the system 1s determined, This background activity 1s due to
cosmic rays and residual traces of tritium.

At the end of the collection time (t'), the secondary
contalner is valved in. The count rate increases almost immediately
due to the tritium that has permeated the specimen and collected
in the secondary container. Thereafter, the count rate continues
to increase with time (t) since the permeation specimen is adding
additional tritium to the system at the permeation rate, P (ecm®/min).
It can be shown that the count rate (dc/dt) at any time (t) after
valving in the specimen is:

dec
— = 1
i APt + APt!' + B

i

where count rate, counts/min
A= 2.6 curies x 3.7 x 10'° disintegrations/sec
cm® curie
X system counting efficilency (counts/disintegration)

(counts/(sec) (em®)

permeation rate, cm®/min

vl
il

time after valving 1n specimen, sec
t' = collection time, sec

B = background count rate, counts/min

Thus a plot of count rate (gg) vs., time (t) is, in theory,
linear with a slope of AP and an intercept of (APt' + B) on the
ordinate at t = 0. This idealized situation is shown in Figure 6.
In practice, due to time lags involved in the mixing of the
tritium (after valving in), and/or the vagaries of gas dynamics,
it 1s possible to obtaln data plots as shown 1n Figure 7. The
same analysls of the data is applicable to both of these situations
by extrapolation of the linear slope back to t = 0O,

- 1] -
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FIG. 6 THEORETICAL PREDICTION OF dc/dt vs TIME
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FIG. 7 PLOTS OF dc/dt vs t OBTAINED IN PRACTICE
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Determination of System Counting Efficiency

At the conclusion of the permeation measurement, it is
necessary to determine the counting efficiency of the system. The
efficiency of the counter is first established by measuring count
rate vs. discriminator setting. In Figure 8, a discriminator
setting of 575 divisions results in the elimination of counts due
to the tritium betas, and only cosmic ray and other hlgh energy
radiations are counted, Since the maximum energy of the tritium
betas is 18 kev, 575 divisions = 18 kev and the operating
discriminator setting (e.g. 60 divisions) = 1.88 kev by direct
proportionality. Thus during the measurement, only tritium betas
with an energy greater than 1.88 kev were actually counted. From
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FIG. 8 TRITIUM END POINT CURVE

a plot of the number of tritium betas per energy interval vs.
beta energy(s) (Figure 9), it is possible to determine what
fraction of the betas were counted. A calibration plot is given
in Figure 10. Thus for a given operating discriminator setting
and a measured end-point discriminator setting, the counting
efficiency, 1.e. fraction of betas counted, can be determined.
In the example given, the counting efficiency is 80%.
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FIG. 10 CALIBRATION PLOT-COUNTING EFFICIENCY vs DISCRIMINATOR SETTING

Since all of the tritium in the system is not in the propor-
tional counter, a correction must be made for thils factor.

Therefore the system efficlency is:

Counts - Volume of proportional counter
Beta disintegration Volume of total system

X countlng efficiency

- 14 -



OPERATING DETAILS

The following comments on operating detaills are provided for
the benefit of those who have not previously employed this type
of measuring equipment.

First, the count rate of a given proportional counter is a
function of the P-10 gas pressure as shown in Figure 11. To
minimize changes in count rate resulting from small pressure
fluctuations, it is desirable to avold operation at P-10 pressures
that are on the steeper portion of this typical curve - 54 cm of
Hg 1s satisfactory.

Experilence shows that the residual tritium contamination
present Iin the system, after a measurement, can best be removed
by a combination of alternating evacuations and flushes with
P-10 gas. This process can be speeded up with the Judicious
application of heat to the system piplng.

The high voltage employed with this system (1750 volts)

provides a gas amplification in the proportional counter of
approximately 200.

42,000

= 41,000 -

counts/min

-~ 40,000~ -

39,000 —

Count Rate

I

38,000 -
! l ! ! |

53 54 55 56 57 58 59
P-10 Pressure, cm Hg

FIG. 11 COUNT RATE vs P-10 PRESSURE
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